Abstract The use of amino acids from alternative sources to reduce costs and increase or maintain poultry production levels is crucial to succeed in competitive industry. This study investigated the alternative methionine effects obtained from soybean compared to synthetic DL-methionine-99 % on the broilers performance in the production periods of 1-21 and 1-42 days of age. A total of 720 pullets were included in a completely randomized design with four treatments and six replicates of 30 birds. They received water and food ad libitum throughout the production phase. Diets consisted of T1-reference diet formulated with synthetic methionine (DL-methionine-99 %); T2-diet replacing 100 % of synthetic methionine with alternative methionine; T3-diet replacing 110 % of synthetic methionine with alternative methionine, and T4-diet replacing 120 % of synthetic methionine with alternative methionine. At 1-21 days of age, there was a significant difference (p<0.05) among treatments in daily gain weight (DWG), live weight (LW), and feed intake (FI). However, no differences were observed (p>0.05) in feed conversion (FC) and mortality rates. At 42 days of age, a significant difference (p<0.05) in DWG, LW, and FC parameters was observed among treatments, but there were no differences in FI and mortality. Broilers supplemented with alternative methionine showed significantly lower DWG, LW, FI, productive efficiency index (PEI), and flock uniformity (FU) and showed higher FC compared to animals supplemented with synthetic methionine. The synthetic methionine replacement resulted in lower broiler performance. More researches are necessary to promote better alternative diets for this system.
Introduction
The Brazilian poultry industry has excelled in the world market in recent years by its increasing quality and production, arising from the constant use of new technologies in the areas of nutrition, genetic improvement, disease control, and sanitary management (Belusso and Hespanhol 2010) . Consequently, indicators of Brazilian poultry production have surpassed those reported in other countries (Espíndola 2009 ).
The seeking for alternative nutrition sources as a way to reduce production costs and increase metabolic performance has been a major area of recent research, which aims to optimize the poultry production (Araujo 2005) . Amino acids have been used in diets to reduce ration protein content without decreasing animal performance. These diets also have the benefit of reducing nitrogen release in the environment and improving performance indexes and production (Sadiku and Jauncey 1995; Faria Filho et al. 2005) . Limiting amino acids are those present in the diet at concentrations below those required for maximum protein synthesis (Kerr and Easter 1995) . The methionine is considered the main limiting amino acid for the development and production of poultry, since it is a donor source of methyl radicals (Warnick and Anderson 1968) , which are required for the biosynthesis of essential body components for normal animal growth, such as choline, creatine, creatinine, polyamine, epinephrine, and melatonin. The inclusion of methionine in diets based on corn and soybean meal is fundamental to avoid losses in performance (Daenner and Bessel 2002) . The imbalance in dietary methionine levels can be corrected by adding synthetic amino acids such as DL-methionine (in powder form) and methionine hydroxy analog-free acid (MHA-FA) (in liquid form) (Weerden and Schutte 1984) .
Although the use of synthetic amino acids in poultry diets is common in conventional production, there are limitations to their use in productive systems of natural ideology, such as the organic production (Figueiredo and Soares 2012) . Thus, the use of alternative methionine can be adopted as an alternative to traditional sources of synthetic methionine in this production system. The organic production system has grown steadily, due to an increasing demand for organic products (Alves et al. 2012) .
The aim of this study was to evaluate the effects of using three levels of alternative methionine, replacing The animals were raised from 1 to 42 days of age. The Brazilian organic legislation does not require a minimum age to organic chicken slaughter (BRASIL 2011) .
The conventional chicken barn was equipped with ventilation and nebulization systems. Lamps were used as heat sources to control the temperature in the first experimental week. The temperature and humidity were recorded daily throughout the experimental period.
The reference diet was based on corn and soybean meal (Rostagno et al. 2011) . Neither anticoccidial nor animal products were added to the diets. The feeding program was divided into five phases: initial, 1 to 7 days; growth, 8 to 21 days; fattening I, 22 to 30 days; fattening II, 31 to 37 days, and final, 38 to 42 days, with water and food ad libitum.
Two sources of methionine were used, the DL-methionine-99 % and one alternative methionine source extracted from non-transgenic soybean. According to dos Santos et al. (2010) , the most common process of soybean amino acid extraction is the enzymatic hydrolysis (Tables 1, 2 , and 3).
The treatments were the following: T1-reference diet formulated with synthetic methionine (DL-methionine-99 %); T2-diet replacing 100 % of synthetic methionine with alternative methionine; T3-diet replacing 110 % of synthetic methionine with alternative methionine, and T4-diet replacing 120 % of synthetic T1 reference diet formulated with synthetic methionine (DL-methionine 99 %), T2 diet replacing 100 % of synthetic methionine with alternative methionine, T3 diet replacing 110 % of synthetic methionine with alternative methionine, T4 diet replacing 120 % of synthetic methionine with alternative methionine a Each kilogram of premix provides folic acid (min) 1000.00 mg, pantothenic acid (min) 13.00 g, niacin (min) 32.00 g, vitamin A (min) 10,000,000.00 UI, vitamin D3 (min) 2,450,000.00 mg, vitamin E (min) 18,000.00 UI, vitamin K3 (min) 3640.00 mg, vitamin B1 (min) 2400.00 mg, vitamin B2 (min) 6000.00 mg, vitamin B6 (min) 3200.00 mg, vitamin B12 (min) 15,600.00 mg, and selenium (min) 300.00 mg b Each kilogram of premix provides iron (min) 60.00 g, copper (min) 12.00 g, manganese (min) 120.00 mg, zinc (min) 90.00 g, and iodine (min) 1500.00 mg methionine with alternative methionine. The diet formulations of each treatment in different phases are shown in the Tables 4, 5 , and 6. The variables studied for the period from 1 to 21 days and from 1 to 42 days of age were live weight (LW), daily weight gain (DWG), feed intake (FI), feed conversion (FC), mortality (MO), flock uniformity (FU), and productive efficiency index (PEI).
The bird average weight was obtained by weighing all birds of each box. In each box, 30 broilers were housed. The daily weight gain was calculated by the difference between the final and initial weights of each period investigated. The feed intake was calculated by the difference between the total supplemented feed and the remaining feed in each period. Feed conversion rate was estimated by the ratio between total consumed feed and weight gain, then, corrected for mortality as proposed by Sakamura and Rostagno (2007) . Mortality was daily recorded. The flock uniformity was expressed as the percent of individual weights which occurs within 10 % of the flock average. The PEI was calculated using the following equation: PEI = ((LW*(100 − MO))/ age*FC)*100.
The broilers were distributed using a completely randomized design including four treatments with six replicates of 30 chicks each, totaling 180 chicks per treatment.
Data were submitted to analysis of variance (ANOVA) with subsequent regression analysis using the GLM for higher sensitivity. Tukey's test was used to compare treatment means (p<0.05).
Results
The average, maximum, and minimum temperature were 26, 31, and 20°C, respectively, and average humidity was 69 %.
The performance of 1-21-day-old broilers (Table 1 ) indicated that animals fed with diets supplemented T1 reference diet formulated with synthetic methionine (DL-methionine 99 %), T2 diet replacing 100 % of synthetic methionine with alternative methionine, T3 diet replacing 110 % of synthetic methionine with alternative methionine, T4 diet replacing 120 % of synthetic methionine with alternative methionine a Each kilogram of premix provides folic acid (min) 1000.00 mg, pantothenic acid (min) 13.00 g, niacin (min) 32.00 g, vitamin A (min) 10,000,000.00 UI, vitamin D3 (min) 2,450,000.00 mg, vitamin E (min) 18,000.00 UI, vitamin K3 (min) 3640.00 mg, vitamin B1 (min) 2400.00 mg, vitamin B2 (min) 6000.00 mg, vitamin B6 (min) 3200.00 mg, vitamin B12 (min) 15,600.00 mg, and selenium (min) 300.00 mg b Each kilogram of premix provides iron (min) 60.00 g, copper (min) 12.00 g, manganese (min) 120.00 mg, zinc (min) 90.00 g, and iodine (min) 1500.00 mg with 99 % synthetic DL-methionine had significantly higher (p<0.05) daily weight gain (DWG), live weight (LW,) and feed intake (FI) than chicks raised with alternative methionine diet (Table 1) . Chicks bred with diet containing 120 % alternative methionine had the lowest feed intake (Table 1) . However, no differences in feed conversion were detected between treatments (diets) (p > 0.05), indicating similar metabolic efficiency between both sources tested (i.e., 99 % synthetic DL-methionine and alternative methionine) in this period. There were no significant differences (p>0.05) between treatments in terms of mortality.
In the period of 1-42 days old (Table 2) , chicks supplemented with 99 % DL-methionine showed higher (p<0.05) DWG, LW, and better feed conversion (FC). There were no significant changes (p>0.05) in FI parameters and mortality (MO) during the same period.
Animals supplemented with DL-methionine 99 % showed higher PEI in the end of the experimental period (Table 3) . Broilers supplemented with diets containing 110 and 120 % of the alternative methionine showed the same flock uniformity results compared to broilers fed with the 100 % synthetic methionine. The use of alternative methionine in 100 % proportion resulted in lower flock uniformity (Table 3) .
Discussion
The reasons of the low broiler performance fed with alternative methionine source are still not totally enlightened. However, there are some hypotheses. The most probable one is due to the differences in amino acid uptake between both sources. According to Partridge et al. (1985) and Barbi et al. (2004) , amino acid absorption may change according to the source and its molecular availability in the food used, while the absorption of synthetic amino acids is more efficient. This hypothesis of lower availability is enhanced due to the nonalteration of birds' feed intake of alternative source T1 reference diet formulated with synthetic methionine (DL-methionine 99 %), T2 diet replacing 100 % of synthetic methionine with alternative methionine, T3 diet replacing 110 % of synthetic methionine with alternative methionine T4 diet replacing 120 % of synthetic methionine with alternative methionine a Each kilogram of premix provides folic acid (min) 1000.00 mg, pantothenic acid (min) 13.00 g, niacin (min) 32.00 g, vitamin A (min) 10,000,000.00 UI, vitamin D3 (min) 2,450,000.00 mg, vitamin E (min) 18,000.00 UI, vitamin K3 (min) 3640.00 mg, vitamin B1 (min) 2400.00 mg, vitamin B2 (min) 6000.00 mg, vitamin B6 (min) 3200.00 mg, vitamin B12 (min) 15,600.00 mg, and selenium (min) 300.00 mg b Each kilogram of premix provides iron (min) 60.00 g, copper (min) 12.00 g, manganese (min) 120.00 mg, zinc (min) 90.00 g, and iodine (min) 1500.00 mg treatments (Table 2) . Therefore, there was no lower intake of protein and energy by birds of T2, T3, and T4. It discards the possibility of palatability problems due to the use of alternative source. The amino acid methionine may play a direct or indirect role in numerous fundamental metabolic processes, such as protein, skin and feather synthesis, and optimization of the immune response and stress response (Rodrigueiro 2010) . Then, the lower flock uniformity of the treatment which replaced 100 % of the DL-methionine 99 % with alternative methionine is probably due to limitations imposed to these processes. The limitations were minimized in the T3 and T4, which have higher alternative methionine replacement (Table 3) . However, the productive efficiency indexes of the alternative methionine treatments in different replacement proportions (100, 110, and 120 %) were statistically inferior comparing to the DL-methionine 99 % treatment. Considering the percentage of methionine was equivalent in both sources, according to the information provided by manufacturers, the results pointed out that the replacement of synthetic methionine with alternative source negatively affected the production efficiency.
The use of synthetic amino acids in organic production, over many years, has been a subject of frequent discussions. Since June of 2014, the Normative Instruction N°17 (Brasil 2014) started to amend the Normative Instruction N°46 (BRASIL 2011) , allowing the use of such substances. Their use, however, is based on the prevention of nutritional deficiencies and diseases and consequently improving animal welfare. In this moment, it is important to emphasize that this permission is based on the lack of alternative sources with similar efficiency as the synthetic ones.
In conclusion, the use of alternative methionine extracted from soybeans to replace DL-methionine 99 % resulted in significantly lower broiler performance. Thus, more researches in alternative amino acids sources are necessary to accomplish better results.
